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Abstract 

Sneutrino-antisneutrino oscillation can be a very useful probe to look for signatures of lepton 
number violation (AL = 2) at the Tevatron. Here, we discuss a scenario where the total decay 
width of the sneutrino is very small, producing interesting signals at the Tevatron for a mass 
splitting Am as small as 10~ 14 GeV between the sneutrino mass eigenstates. 
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From the neutrino oscillation experiments, we have compelling evidence that neutrinos 
have tiny, nonzero masses. Whenever the neutrinos are of the Majorana type, sneutrino- 
antisneutrino mixing occurs in any supersymmetric model. Such AL = 2 Majorana neutrino 
mass terms can induce a mass splitting (Am^) between the physical states. This mass split- 
ting induces sneutrino-antisneutrino oscillations which probe the lepton number violation 
(AL = 2) [3-3. These oscillations are analogous to B°-B° and K°-K° oscillations. Here, 
we assume that the sneutrino flavour oscillation is absent and lepton flavour is conserved in 
the decay of the sneutrino/antisneutrino. 

Usually, the oscillation probability formula where the sneutrinos are produced at rest is 
used. However, it was discussed in |8[ that, for a very small sneutrino decay width T, say, 
~ 10~ 14 GeV, it is very important to take into account the effects of the Lorentz factor 7 and 
the distance L (at which the measurement is made inside the detector) in the calculation 
of the sneutrino-antisneutrino oscillation probability. Since the sneutrinos (antisneutrinos) 
decay, we need to look at the integrated probability. Hence, the integrated probability, at a 
distance L, of a \u) oscillating into an \i>*) is given by jsj 



P{L) 



dx\(t*mx,t)}\ 2 

f °° dx(ip(x,t)\ip(x,t)) 

-a 2 + (-l + e La )/3 2 + a 2 cos(L/3)-a/3sin(L/3) , (1) 
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where a = ?=p and (3 = ^§-- For a very large L, i.e., when La 1, we get from Eq. (TjQ) 
that 

f3 2 x\ 

P(L) = 2(a 2 + /3 2 ) = 2(l + x?)' (2) 

which is independent of L and where we use the relations Am 2 = 2mAm and x v = ^P- 
j^J. Equation (J2J) is the same result as in the case when the sneutrinos are produced at rest. 
Worth noting from Eq. fl2]) is that, when Xy = 1, the oscillation probability P(v — > z>*) is 
0.25. On the other hand, when x v ^> 1, P[y — > u*) is 0.5. The general effects of the Lorentz 
factor 7 = — , L, and T on the oscillation probability have been studied in jsj. 

In this paper, we study sneutrino-antisneutrino oscillation at the Tevatron collider in a 
scenario where the sneutrino width is very small (~ 10~ 14 GeV). Even though the Lorentz 
factor 7 for the sneutrinos at the Tevatron is not as high as it can be at the LHC, the 
tiny width makes it important to use the general formula in Eq. ([1]), since the L- and 7- 
dependences can be much more pronounced. We illustrate this in the context of an interesting 
supersymmetric scenario which can produce spectacular signals at the Tevatron. 

These small values of the sneutrino decay width of the order of 10~ 14 GeV are possible, 
for example, in a scenario where the left-handed sneutrino next-to-lightest supersymmetric 
particle is nearly degenerate to the lighter stau lightest supersymmetric particle and the 
dominant decay channel for v T is 



Z/r — > Ti + 7T 



(3) 
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with a total decay width T ~ 10 -14 GeV. In some models with an extra U(1)b-l, the 
oscillation of a right-chiral sneutrino (z>r) can be important [9]. In such cases, the total 
decay width of vr can be again as small as ~ 10~ 14 GeV. The left-chiral sneutrino decay 
width can also be reduced if it has a significant mixing with the right-chiral counterpart. 

We study the case when the dominant sneutrino decay is v T — > f"f + 7r + . Then, at the 
Tevatron, a possible signal would be pp — > u r fi — > fx fx + tt + - For the staus, we assume 
a small _R-parity violating coupling ( ^ 1CT 8 ) such that the fx decays outside the detector, 
leaving a heavily ionized charged track. We assume that this small -R-parity violating cou- 
pling does not change the total decay width of the sneutrino. This means that the above 
signal produces two heavily ionized charged tracks with opposite curvatures when there is 
no sneutrino oscillation and with same curvatures when there is sneutrino oscillation. We 
assume that, due to slower velocity of staus, these stau tracks can be distinguished from the 
muon tracks. Similarly, one should also look at the signal pp — > v*ff f\f\ + 7r_ - Worth 
noting here is that the sneutrino is long-lived (decay length a bit under a centimeter), and, 
hence, one of the staus produced from the decay of the sneutrino shows a secondary vertex 
which is well separated from the primary vertex. This is a very spectacular signal and free 
from any standard model or supersymmetric backgrounds. 

Now, we discuss the cross section and the branching ratio of the processes discussed 
above. We consider v T as the next-to-lightest supersymmetric particle and fx as the lightest 
supersymmetric particle. As mentioned earlier, due to the tiny i?-parity violating coupling, 
the fx decays outside the detector, leaving a heavily ionized charged track. The mass of the 
sneutrino is considered to be = 100 GeV and the mass of fx is m fl = 99.7 GeV. The 
stau mixing angle is taken to be ir/A. The other relevant parameter choices are Mi = 120 
GeV, M 2 = 240 GeV, \i = -392 GeV, tan/3 = 8, m A o = 600 GeV and A T = 390 GeV 1 . 
Here, Mi and M 2 are the U(l) and SU(2) gaugino mass parameters, respectively, fi is the 
superpotential /^-parameter, m A o is the pseudoscalar Higgs boson mass and A T is the trilinear 
scalar coupling of the staus. With these values of parameters, the total decay width of the 
sneutrino is V « 1 x 10~ 14 GeV, while the branching ratio of the decay v T — > ff +7r + is 93%. 
In fact, the branching ratio is greater than 90% when the mass splitting between the v T and 
the fx is in the range 200-350 MeV. We get the opposite-sign stau signal (OS) pp —> fx fx 
from both v T fx and P*7"f productions with an effective survival probability (1 — P c g). The 
same-sign stau signal (SS) pp — > fx fx 01 f\f\ we get from either v T f^ or u*ff productions 
with the effective oscillation probability (P c g). 

We select the signal events with the following criteria: 1) the pseudorapidities of the staus 
must be \r] T1 \ < 1.2 [lOj, 2) the transverse momentum of both staus must satisfy plf > 20 
GeV, 3) the isolation variable AR = a/(A^) 2 + (A</>) 2 should satisfy AR > 1.0 for the 
two staus, and 4) the /?7 should be 0.3 < /?7 < 2.0, as noticed for the LHC in The 
upper limit of (3j reduces the muon background considerably. Applying these cuts, the cross 
sections for the parameter point mentioned earlier with different Am's for L = 0.08 m and 



1 There were mistakes in some of these numbers in [8j. However, the results remain unchanged. 
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L = 0.08 m 


11.0 


2.4 


7.3 


6.2 


7.2 


6.3 


L = 0.28 m 


10.3 


3.2 


6.8 


6.6 


6.7 


6.7 



TABLE I: Cross sections for the OS and SS stau signals with different L's and Am's for the 
parameter point discussed in the text. The cuts used are also mentioned in the text. 

L = 0.28 m are presented in Table [B It can be seen from this table that, for Am > 1CT 13 
GeV, the cross sections almost saturate. Even putting Am to its maximum value, 10~ 7 
GeV (this comes from Eq. (8) of Ref. Q assuming that m Vr = 0(0.1) eV), does not change 
the cross sections from Am = 10~ 10 GeV values. On the other hand, we can probe down 
to Am = 10~ 14 GeV and measure several SS events with 10 fb -1 luminosity. Using the 
SS and OS cross sections, we define the asymmetry A = ^(ss)+^-(osj • ^ or illustration, we 
show one value of this asymmetry, A = —0.067 ± 0.086, obtained by using ass and cxos for 
L = 0.08 m with Am = 10 -10 GeV from Table Hand assuming an integrated luminosity of 
10 fb -1 . The asymmetry is almost consistent with zero, simply because of lower statistics 
available at the given luminosity at Tevatron energy (corresponds to larger error) and larger 
oscillation probability (smaller central value of the asymmetry). The asymmetry A gives 
direct information about the oscillation probability and is independent of initial state parton 
densities and other uncertainities arising from higher order corrections. Easily, it can be 
checked that P e g = (1 + A)/2. By measuring the value of A, one can calculate the effective 
oscillation probability. For our example, we get P e ff = 0.47. 

In Figs. HHSl there are exclusion plots, i.e., plots showing whether we can have the signal 
significance S = Ns/y/N$ + Nb ~ N$ / a/ N$ > 5 for different Am's and m^'s for different 
values of m„ T — m^ . Here, N$ is the number of signal events coming from SS. In all the cases, 
stau mixing is maximal, i.e., the mixing angle is 7r/4. In Figs. [Hand El we show L = 0.28 
m, m„ T — mfj = 0.2 GeV, and luminosity £ is 6 fb -1 and 10 fb -1 , respectively. It can 
be seen that, naturally, with higher luminosity, we can reach higher tau-sneutrino masses. 
Remember that, as mentioned earlier, the maximum value of Am is 10~ 7 GeV. Then, in Fig. 
[21 we have changed L to 0.08 m and, now, C = 10 fb -1 . It can be seen that we reach much 
lighter m^'s. For 6 fb -1 , none of the points is allowed. The reason for this is that La in Eq. 
(flT) is somewhat larger than 1 for L = 0.28 m. For the L = 0.08 m case, La < 1 for most of 
the cases, hence showing the effects of the general oscillation probability formula of Eq. (PQ). 

When we change — to 0.3 GeV, the width of the pion mode (z/ T — > f{" + 7r + ) 
grows. However, the width for the decays v T — > r^t+v^ where I — e,//, grows even more, 
making the pion mode branching ratio drop a bit. The results for the m„ T — m fl = 0.3 
GeV are rather similar to the L = 0.28 m, — m^ = 0.2 GeV, and C = 6 or 10 fb -1 
case. The descriptions for other exlusion regions are given in Table [TT1 When we change to 
my T — m fl =0.4 GeV, the widths still grow, but the pion mode branching ratio drops a bit. 
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FIG. 1: Exclusion plot for L = 0.28 m, — m^ = 0.2 GeV, and C = 6 fb 1 , showing in (Am, m£ T ) 
plane whether the signal significance S is greater or smaller than 5. 
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FIG. 2: Exclusion plot for L = 0.28 m, mo T — = 0.2 GeV, and C = 10 fb , showing in 
(Ara,mf r ) plane whether the signal significance S is greater or smaller than 5. 



In conclusion, sneutrino-antisneutrino oscillation is a very important tool to look for lepton 
number violation at the Tevatron. Even though, after the cut, the Lorentz factor 7 is not 
that high (and, even without the cut, the 7 is not that high at the Tevatron compared to 
the LHC, for example), the effects of the general oscillation probability formula need to be 
considered in order not to overestimate the oscillation probability in the very small sneutrino 
width scenario. This small a width (~ 10~ 14 GeV or so) can be realized in many different 
supersymmetric scenarios. A very interesting signal at the Tevatron could be two same-sign 
heavily ionized charged tracks and a soft pion, which can probe a mass splitting all the way 
down to ~ 10~ 14 GeV with an integrated luminosity of 10 fb -1 for L = 0.28 m, as can be 
seen from Table [H Various exclusion plots (Figs. [TH3] are shown) demonstrate whether the 
signal significance is > 5 for different Am's and m^'s for different values of —m^. These 
plots show that there is an interesting (Am, m^) space available for the Tevatron collider. 
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FIG. 3: Exclusion plot for L = 0.08 m, — = 0.2 GeV, and C = 10 fb _1 , showing in 
(Am,m„ T ) plane whether the signal significance S is greater or smaller than 5. 
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Figure [I] except Am = 10~ 14 GeV values disallowed 
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Figure C3 Am = 10~ 14 GeV disallowed, except m Vr = 100, 105 GeV 
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Figure [TJ except Am = 10~ 14 GeV values disallowed 
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Figure [U Am = 10~ 14 GeV values disallowed 
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Figure [I] except Am = 10~ 14 GeV values disallowed 
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Figure [21 Am = 10 -14 GeV values disallowed 
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Figure [I] except Am = 10~ 14 GeV values disallowed 
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Figure [21 Am = 10 -14 GeV values disallowed 



TABLE II: The description of other exclusion regions for different parameters when compared to 
Fig. m or [21 
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